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Radiation injuries are expected to occur after nuclear explosions, nuclear accidents, and radiological or nuclear terrorism. Nonclinical radiation exposure events such as nuclear attacks or accidents are often coupled with other types of injury, such as wounds, burns, blunt trauma, and infection. 1 In clinical practice, localized irradiation therapy alone or in combination with surgery or other modalities for cancer treatment is also of concern for radiation injury. Recently, radiation-related injuries have been rated as a high-priority research area, 2 and in particular, significant concern has been raised by the Chernobyl and Fukushima nuclear accidents with regard to the safety and future application of nuclear power or programs.
A large dose of irradiation can lead to significant skin burns, which is a determinist effect of localized irradiation in good correlation with the absorbed dose. Radiation burns are markedly different from thermal burns in terms of physiopathological mechanisms, clinical aspects, and evolution. In contrast to thermal burns, radiation burns exhibit several clinical patterns including dry desquamation, moist desquamation, and necrosis dependent on the radiation doses. The main feature of severe radiation burns is the occurrence of unpredictable successive inflammatory waves and recurrence of necrosis. 3 At very high radiation doses, this uncontrolled and extensive morbid process involves several target tissues including deep dermal and underlying muscles, vessels, and bones. Moreover, these inflammatory waves are associated with uncontrollable pain. As a result, the therapeutic management of severe radiation burns remains a challenging issue. In all cases, the healing has been delayed, fragile, and unpredictable. 4 The management of simple skin wounds is a relatively mature practice, but the medical management of severe radiation burns after accidental overexposure to ionizing radiation is very complicated. Conventional surgical treatment including excision, skin autograft, or flap often is rarely efficient because each surgical operative act seems to stimulate the inflammatory waves and fibronecrosis process. 5 Recent advances lead to the development of an innovative approach by combining surgery and stem cell therapy. This association is now the recommendation for conservative surgery of very serious radiation burns. In a very severe accidental radiation burn, autologous bone marrow mesenchymal stem cells (MSCs) were applied in combination with skin autograft. 5 Following this therapy, no adverse reaction to the autologous MSC administration and no recurrence of radiation burn were observed during the follow-up of the patient. This novel multidisciplinary therapeutic approach combining physical techniques, surgical procedures, and cellular therapy with adult stem cells may be of clinical relevance for improving the medical management of severe localized irradiations. 3, 4 If confirmed in further radiation accidents, it may open new prospects in the field of radiotherapy complications.
Based on the atomic bombings of Hiroshima and Nagasaki, it has been estimated that following an air burst nuclear detonation, up to 65% of survivors suffered from radiation combined burn injury or radiation combined wound injury. 6 Ionizing radiation has been accepted as a significant contributing factor to interrupt normal wound healing mechanisms. Inhibition of inflammatory reactions, tissue proliferation and maturation, changes in vasculature, and varying levels of regulatory growth factors result in the impairment of the wound healing process. Radiation combined injuries are known to dramatically increase mortality. Several attempts have been made to identify potential therapeutic agents (such as natural products and growth factors) to augment healing in this setting. Wound coverage is extremely important for patients with severe burns. Hydrogel and hydrocolloid gel dressings have been used to decrease wound discomfort and wound healing time in radiation ulcers. 7 Outcome of massive burns has been improved by using cultured epithelial autografts. 8 For the combined injury with total body irradiation and burns, autoskin grafting in victims will create a new wound and may not be appropriate, but the immunological suppression will allow the prolongation of survival time of alloskin grafts and an increased survival rate of the recipient animals. 9 Stem cells are capable of differentiating into a variety of cell types, including fibroblasts, endothelial cells, and keratinocytes, which are critical cellular components required for wound healing. 10 Transplantation of bone marrow-derived autologous MSCs into the skin wound could increase the formation of granulation tissue and improve the healing process. Given that many adult stem cells are multipotent, the question as to whether they can affect multiple therapeutic sites concurrently remains a fascinating one. Using a combined radiation and skin wound injury model, systemic transplantation of MSC-like cells from the dermis increases the survival rate and promotes wound healing and hematopoietic recovery, simultaneously, suggesting a new strategy for the treatment of radiation combined injuries. 11 Successful wound healing represents the sum of a sequence of well-organized processes including inflammation, wound contraction, matrix formation, cell proliferation, tissue remodeling, and reepithelization. Ionizing radiation will interrupt the normal wound healing process and lead to delayed healing or even nonhealing wounds. Although basic research has suggested many potential therapies and prophylaxis, the radiation response of healing wounds and the pathophysiological process of continuous inflammatory evolution are still not fully characterized, thus emphasizing a need for continued research in the area of medical management of radiation-related skin injuries. Thus, to date, the best therapeutic approach for severe radiation burns remains unknown and adequate knowledge on radiation-related injuries is necessary to develop future therapeutic modalities and prophylaxis. Stem cells have shown potential to skin regeneration and tissue engineering and offer the possibility of new treatment for radiation-related injuries. Hence, the research of stem cells should be further supported as a promising therapy to allow skin repair and regeneration. Additionally, diagnosis and prognosis of the clinical course of radiation burns have proven to be a difficult task. One unsolved issue is to determine the size of the excision surgery. Currently, no technique can distinguish irradiated versus healthy skin during the clinically latent period, and the development of new noninvasive tools is urgently required. Considering that there is no absolutely "safe" threshold for radiation exposure, the risk for cancer development from the radiation injury must also be seriously treated.
